The Aquatic Ecology of Two Seasonal Marshes in Eastern South Dakota by Donaldson, Walter K.
South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange
Theses and Dissertations
1976
The Aquatic Ecology of Two Seasonal Marshes in
Eastern South Dakota
Walter K. Donaldson
Follow this and additional works at: http://openprairie.sdstate.edu/etd
Part of the Natural Resources and Conservation Commons
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research Access Institutional Repository and
Information Exchange. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of Open PRAIRIE: Open Public
Research Access Institutional Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu.
Recommended Citation
Donaldson, Walter K., "The Aquatic Ecology of Two Seasonal Marshes in Eastern South Dakota" (1976). Theses and Dissertations. 41.
http://openprairie.sdstate.edu/etd/41
THE AQUATIC ECOLOGY OF 1'¥0 SEASONAL MARSHES 
IN EASTERN SOUTH DAKOTA 
BY 
WALTER K. DONALDSON 
A thesis submitted 
' . •.·· .' -
in partial fulfillment of the requirements for the degree 
Master of Science, Major in Wildlife and 
Fisheries Science (Fisheries Option}, 
South Dakota State University 
1976 
ACKNOWLEDGMENTS 
I would like to express my gratitude to Dr. Richard L. Applegate 
and to Dr. Donald C. Hales for their criticisms, suggestions, and 
availability during the study and preparation of this manuscript. 
Also appreciation to Dr. Edward U. Balsbaugh, Jr., Dr. I.ois Haertel, 
and Dr. Charles G. Scalet for stimulating my interests through course 
work and conversation; to all the fellow graduate students for their 
field assistance; to Brad Ibach for his diligence in assisting with 
sorting and keying samples; to Rebecca Kramer for excellent preparation 
of the tables and figures; and finally to my good wife Claudia and my 
two daughters Rebecca and Alicia for unfailing support during the entire 
project. 
Financial support, equipment, vehicles, and supplies were provided 
by the South Dakota Cooperative Fisheries Unit1 , South Dakota State 
University, Brookings, South Dakota. 
1
cooperating agents: South Dakota Department of Game, Fish, and 
Parks, South Dakota State University, and United States Fish and 
Wildlife Service. 
THE AQUATIC ECOIDGY OF TWO SEASONAL MARSHES 
IN EASTERN SOUTH DAKOTA 
This thesis is approved as a creditable and independent investiga-
tion by a candidate for the degree, Master of Science, and is acceptable 
as meeting the thesis requirements for this degree, but without implying 
that the conclusions reached by the candidate are necessarily the con-
clusions of the major department. 
Thesis AdVi~er v 
naJor Aaviser 
Head, Wildlife and Fisheries 
Sciences Department 
oafe - -
ua'te 
Date 
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IN EASTERN SOUTH DAKOTA 
ABSTRACT 
Zooplankton, benthos, nekton, aufwuchs, and the physical-chemical 
limnology of two seasonal marshes in eastern South Dakota were monitored 
from April-June 1975. Bothwell and Lund Marshes contained water from 
15 April-July 1975. . ++ ++ The dominant ions, Ca , Mg , and sulfate, made 
the water hardness non-carbonate. Floating vegetation, Lemna trisulca 
and Cladophora sp., became abundant in both marshes during the first week 
of June, and formed large thick mats by the end of June 1975. 
Daphnia pulex was the dominant zooplankter in Bothwell Marsh and 
made up 33% of the zooplankton density during the 1975 season. The popu-
lation was triacmic, and ephippia formation for the populations of the 
next wet season occurred during mid-season (8 May-5 June). Diaptomus 
leptopus was the dominant zooplankter in Lund Marsh and made up 58% of 
the zooplankton density during the 1975 season. Only one cohort was pro-
duced, and egg production for the populations of the next wet season was 
highest about two weeks before the marsh dried. Daphnia pulex and .!k_ 
leptopus may have competed for the same food resource, since an inverse 
species relationship occurred in both marshes. One species had high 
densities when the other had low densities. 
The mean seasonal benthic biomass (dry weight) was 100.04 kg/ha in 
Bothwell Marsh and 72.9 kg/ha in Lund Marsh. Chironomid larvae made up 
over 90% of the invertebrate benthic standing crops in both marshes. 
Chironomus sp. larvae were the first to appear in early spring and had 
the highest standing crop before emergence in mid-season. Glyptotendipes 
sp. were collected as newly hatched larvae in mid-season and dominated 
the standing crop estimates in both marshes until the water disappeared. 
Standing crops of nekton and macroscopic aufwuchs in both marshes 
were dominated by axolotls of the tiger salamander. Ambystoma tigrinum. 
Axolotl densities made up only 1-3% of the nekton. but their dry weights 
made up 36-?0%. Axolotls were probably the main predators of inverte-
brates in the marshes. Gastropoda and Hirudinea were also abundant in 
both marshes. Most aquatic insects collected in the nekton and autwuchs 
were in the nympbal or larval stage. Body length and wing pad develop-
ment of zygopteran and ephemeropteran nymphs were observed in preparation 
for adult emergence in mid- to late-June 1975. 
Macroscopic organisms in seasonal marshes may have originated from 
diapaused eggs and burrowing larvae which overwintered in the substrate; 
from immigrating adults which reproduced a!ter ice melt (!:., tigrinum); 
and by being transported on migrating waterfowl (Hirudinea). Sufficient 
biomass of planktonic and macroscopic invertebrates could provide a fish 
forage base for rearing northern pike fry in seasonal marshes. 
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INTRODUCTION 
Abundant prairie marshes in the north-central Plains States are ground 
depressions formed by glaciers. Many prairie marshes are seasonal and 
contain water on17 during spring and early summer. Multiple use of seasonal 
marshes in past years has centered around waterfowl production and water 
storage (Swanson et. al., 1974, and Sloan, 1972). Fish production is a 
recent concept proposed for prairie marsh utilization. Age, food, and 
growth studies have been conducted on fathead minnows (Pimephales promelas) 
in North Dakota pothole lakes (Held and Peterka, 1974) and on walleyes 
(Stizostedion vitreum) stocked as fingerling& in a South Dakota marsh 
(Walker, 1975). A program of stocking northern pike (~ lucius) fry 
into prairie marshes and recovering them as fingerlings is being considered 
as a method to reduce rearing costs and to provide increased numbers for 
stocking to meet angling demands. 
The feasibility of such a program would depend on suitable aquatic 
habitat. However, the aquatic environments of prairie marshes are not 
well known. Limnological studies have been limited to the invertebrate 
composition of waterfowl food habits (Swanson et. al., 19?4, and Bartonek 
and Hickey, 1969), to various ph7sical-cbemical factors used for marsh 
classification (Stewart and Kantrud, 1971), and to invertebrate abundance 
due to changing marsh conditions (Voigts, 1973). 
The major objectives of this study were to evaluate in two seasonal 
South Dakota marshes; a) the physical-chemical changes that occur during 
the wet season, b) the population dynamics of dominant zooplankton, and 
c) the seasonal standing crops of benthic and nektonic organisms. 
STUDY AREA 
The study areas, Bothwell and Lund Marshes, are located on U. s. 
Fish and Wildlife Service Waterfowl Production Areas in the Prairie 
Coteau region of eastern South Dakota. Each study area was separated 
from the main marsh by a gravel road along the section line. Both are 
Type III-B-4 marshes (Stewart and Kantrud, 1971). Type III-B-4 marshes 
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contain water only during a particular season (in this case spring), are 
slightly brackish (500-2,000 micromhos/cm3), and have over 95% open water 
with restricted marginal bands of emergent vegetation. The water in both 
Bothwell and Lund Marshes was tea colored and originated from the melting 
snowdrifts, runoff due to rainfall from surrounding cultivated lands, and 
ground water seepage (Sloan, 1972). The sabstrates were composed of fine, 
dark, colloidal type silt and decaying organic matter. 
Bothwell Marsh is located in Moody County 3 miles north and 2-3/4 
miles west of Coleman, South Dakota. The water covered 2.51 hectares 
(6.2 acres) and averaged 0.5 m in depth when full. A small stand of 
cattail (Tzpha latifolia) occurred at the western end. Lund Marsh is 
located in Brookings County 1 mile north and 3 miles west of Volga, 
South Dakota. The water covered 1.38 hectares (3.4 acres} and also 
averaged 0.5 m in depth when full. No emergent vegetation was observed 
along the shore. 
MATERIALS AND METHODS 
Water samples were analyzed with a Hach DR-EL Field Laboratory1• 
Most samples were taken during mid-day, but evening and early morning 
samples were taken at Lund Harsh from 31 May - 3 June 1975 to observe 
temperature fluctuations. 
Zooplankton samples from Bothwell Marsh were collected once each 
week from mid-April through the last week in June 19?5. Zooplankton 
3 
was collected with a water core sampler and strained through a number 10 
plankton net (Applegate et. al., 1968). Six subsamples from throughout 
the marsh were collected and combined on each sampling date. 
Zooplankton samples trom Lund Marsh were collected once each week 
from the second week in May to the last week in June 1975· Lund Mareh 
was too shallow for effective use of the water core sampler, so three 
3.8 liter samples taken from throughout the marsh were combined and 
strained through a number 10 plankton cup. 
Plankton samples were preserved with 15% formalin and concentrated 
to a fixed volume (109 ml). Three to four 1 ml subsamples were with-
drawn and placed in a circular counting cell. Organisms were counted 
and identified with a 30X binocular microscope equipped with a 2X 
doubling lens. 
The population dynamics of tbe major zooplankton species were exam-
ined in each marsh. The eggs, embryos, and ephippia of Daphnia pulex 
were counted in each subsample from Bothwell Marsh. Carapaces of~ pulex 
l Hach Chemical Company, Methods Manuel 9th ed., Ames, Iowa. 
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were measured from the base of the spine to the anterior end of the head. 
Mature adults were designated as having a carapace length over 1.6 mm, 
since these were the smallest individuals observed containing eggs. 
Vital statistics ot B.:. pulex were calculated by using the method described 
by Edmondson (196o) for rotifers and applied by Ball (1964), Wright (1965), 
and Applegate and Mullan (1969) to various Daplmia species. Thie method 
utilized a population reproductive rate baaed on eggs per female per day. 
The following formulae are required: 
B =EI DNO 
b e = 1 + B 
Nt = Noert 
d=b-r 
solving for b 
solving for r 
N
0 
- initial population number of B:. pulex per liter. 
Nt - population number after time t. 
E - number of eggs and embryos per liter. 
D - egg and embryo duration in days. 
B - finite birth rate (newborn numbers per organism per day). 
b - instantaneous birth rate. 
r - population change rate. 
d - mortality rate. 
The egg and embryo duration rates (D) were calculated from the data 
of Hall (1964), who determined that the duration of embryonic development 
is temperature dependent. Mean temperatures applied to calculate the egg 
and embryonic duration (D) were based on linear regressions, since water 
temperatures in the marshes fluctuated throughout the season. The water 
temperatures are adjusted to the following regression formulae: 
Bothwell Marsh 
Lund Marsh 
1 = .27x + 7.31 
r = .81 
y = .29x + 5.01 
r = .87 
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The population dynamics for copepods as applied b7 Edmondson, Comita, 
and Anderson (1962) were determined tor species with several generations 
occurring per season. Population dynamics for Diaptomus leptopus in Lund 
Marsh were based on a single generation per wet season. Embryonic dura-
tion (D), finite birth rate (B), and instantaneous birth rate (b) were not 
calculated. The population change rate (r) was solved from Nt = N
0
ert; 
the mortality rate (d) was the negative value of r. Changes in densities 
were based on differences between time zero and time t: 
Density change rate (c) = (N - Nt) I N 
0 0 
Lengths of ~ leptopus were measured from the anterior end of the metasome 
to the posterior end of the caudal rami. Females were designated mature 
at over 1.53 mm, since these were the smallest females observed carrying 
an egg cluster. All eggs in a cluster were counted and projected to numbers 
per liter. 
Benthic organisms in both marshes were sampled once each week with 
2 an Eckman dredge (232.5 cm ). Two samples (one in deep water and one in 
shallow water) were combined and washed in a dip bucket containing a 30 
mesh per inch sieve screen. The remaining organisms and debris were pre-
served in 85% formalin and transported to the laboratory. The samples 
were hand-sorted and the organi6111s were placed in ~ ethanol. Organisms 
were taxonomically grouped and counted to get estimates of standing crop 
density. 
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Dry weights of the benthos were determined using methods described 
by Lind (1974). Organisms were washed in water and dry-blotted, then 
placed on pre-weighed microscope slides and cover slips. They were oven-
o dried at 103-105 C for 12 hours, then placed in a desiccator to cool. 
The dried material was weighed on a Mettler HlO analytical balance to .1 
mg accuracy. Chironomid larvae were separated into six length groups 
of 5 mm intervals (5 mm to 25 mm) and weighed to get a mean dry weight 
per length group. Dry weights of organisms other than chironomids were 
calculated using a maximum-minimum length range with corresponding weights. 
Dry weights of individuals whose lengths occurred within the range were 
obtained by extrapolation. Dry weight estimates were then expanded to 
grams per square meter. Organisms were identified using a 30X binocular 
microscope equipped with a 2X doubling lens. Head capsules of chironomid 
larvae were crushed under cover slips and placed under a binocular light 
microscope (100-1,000X) for identification. 
Nekton and macroscopic aufwuchs (organisms living on material that 
is submerged or attached to the substrate) were collected by setting an 
open-ended tin box, 84 cm high and having a 2,090 cm2 opening, into the 
substrate. 2 A metal framed net (2,090 cm ) covered with number 0 net was 
dipped within the box several times to a depth of 13 mm below the sub-
strate. One sample was collected each week from each marsh. Nekton and 
macroscopic aufwuchs were preserved, prepared, counted, and weighed fol-
lowing the same methods used for benthic organisms. Density and dry 
weight were calculated and expanded to standing crop estimates per cubic 
meter. 
? 
Organisms were identified using keys by Pennack (1953), Ward and 
Whipple (Edmondson ed.) (1966), Usinger (1973), Mason (1973), and Smith 
(1971). Aquatic plants and algae were identified with keys by Tiffany 
and Britton (1971) and Muenscher {1944). Biota was keyed to genus and, 
where possible, to species. 
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RESULTS AND DISCUSSION 
BOTHWELL MARSH 
Physical-Chemical 
The wet season in Bothwell Marsh lasted approxiaately 11 weeks. The 
marsh began filling with water originating from ice-melt, runoff, and 
ground water seepage in mid-April. Prevailing winds from the northwest 
mixed the water during most of the season. The water level receded in 
late June, and various semi-aquatic emergents invaded the bare substrate. 
Only isolated pools of water remained by the first week of July. 
Water hardness in Bothwell Marsh was mainly noncarbonate, with cation 
concentrations ot Ca++ at 360-600 mg/liter and Mg+ at 58o-8oo mg/liter 
(Table 1). Sulfate anions (over 300 mg/liter) were more abundant than the 
carbonate anions (115-205 mg/liter). This marsh water was harder than 
most glacial lakes in eastern South Dakota (Schmidt, 1967). The pH was 
basic (8.8-9.3). High dissolved oxygen in May was 10-11 mg/liter and may 
have resulted from constant wind action. An early morning reading (6 
mg/liter) on 19 June indicated some respiration, while an afternoon 
reading (12 mg/liter) on 26 June indicated active photosynthesis. Mean 
temperatures increased o.3°c daily. Orthophosphate levels ranged from 
0.09-0.3 mg/liter. Turbidity increased during strong winds (25 JTU) on 
8 May, but remained low (5 JTU) during slight winds. Silica became more 
abundant as the season progressed. 
Zooplankton Cycles 
Daphnia pulex was the dominant zooplankter of nine forms collected 
during most of the 1975 wet season in Bothwell Harsh (Table 2). It made 
up a mean 33% of all planktonic organisms (Figure 1). The~ pulex 
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Table 1. Chemical and ph7sical characteristics in Bothwell Marsh, 19?5. 
May May May May June June June June 
8 16 21 30 4 13 19 26 
pH 9.3 9.1 9.2 8.9 9.1 8.9 8.8 9.3 
co3= alkalinity as 20 0 0 0 20 0 0 20 
eaco
3 
(mg/l) 
Hco
3
- alkalinity as 130 170 115 190 185 200 165 130 
eaco
3 
(mg/l) 
++ Ca hardness as 36o 400 i.4o 505 560 500 600 
eaco
3 
(mg/l) 
++ Mg hardness as 590 58o 730 745 630 Boo 600 
caco
3 
(mg/l) 
Noncarbonate hardness ?80 865 98o 1045 990 1135 1050 
(mg/l) 
Dissolved oxygen {mg/l) 11 10 11 11 8.5 8 6 12 
Carbon Dioxide {mg/l) 4 0 4 0 0 8 0 
*Mean Temperature (°C) 13.5 15.7 l?.O 19.5 21.1 23.2 24.9 2?.0 
Sulfate {mg/l) 300 110 300 300 300 
Orthophosphate (mg/l) 0.09 0.13 0.29 0.15 0.30 
Chloride {mg/l) 10 5 2.5 T 
Manganese (mg/l) 0.9 0 o.6 
Silica (mg/l) 2.7 12.5 32.5 35.0 4o.o 
Turbidity (JTU) 25 5 5 15 5 5 
Salinity {mg/l) 1000 1500 
Specific conductance 10 1900 
(micromhos/cm) 
*Adjusted through linear regression. 
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Table 2. Taxa of zooplankton, benthos, and nekton collected from Bothwell 
and Lund Marshes, South Dakota, 19?5. 
Class Rotif'era 
Class Oligochaeta 
Class Hirudinea 
Family Glossiphoniidae 
Helobdella stagnalis (Linnaeus) 1758 
Class Crustacea 
Order Cladocera 
Family Daphnidae 
Daphnia pulex Leydig 1860 
Daphnia magna Strans 182o 
Simocephalus vetulus Schadler 1858 
Ceriodaphnia guadrangula (Muller) 1785 
Family Bosminidae 
Bosmina longirostris (Muller) 1785 
Order Copepoda 
suborder Calanoida 
Diaptomus leptopus s. A. Forbes 1882 
suborder Cyclopoida 
suborder Harpacticoida 
Order Ostracoda 
Class Archnoidea 
Order Acari 
Limnesia sp. 
Arrenurus sp. 
Hydrodroma sp. 
Tyrrellia sp. 
Piona sp. 
Class Insects 
Order Ephemeroptera 
Family Caenidae 
Caenis sp. 
Family Baetidae 
Callibaetis sp. 
Order Odonata 
suborder Zygoptera 
Family Coenagrionidae 
Enallagma sp. 
Family Lestidae 
testes sp. 
suborder Anisoptera 
Family Libellulidae 
Leucorrhinia sp. 
Order Hemiptera 
Family Pleidae 
Plea striola 
Family corixidae 
Family Notoneetidae 
Table 2. (continued) 
Order Trichoptera 
Fami11 Psycbomyiidae 
Polycentropus sp. 
Family Limnephilidae 
Limnephilua ap. 
Order Coleoptera 
Family Haliplidae 
Haliplua ap. 
Peltodytes ap. 
Family Dytiscidae 
Bidessus sp. 
Hydroporus sp. 
Laccod;ytes ap. 
Agabua sp. 
Rbantus sp. 
Family Hydropbilidae 
Berosus sp. 
Order Diptera 
Family Chironomidae 
Chironomus sp. 
Gltptotendipes sp. 
Crtptochironomua ap. 
Dicrotendipes sp. 
Kieff erulus ap. 
Parachironomua sp. 
Calopsectra sp. 
Rheotanztaraus ap. 
Cricotopua sp. 
Eukietferiella ap. 
Tan;ypua sp. 
Pentaneurini 
Class Gastropoda 
Family Planorbidae 
Gyralus ap. 
Family Lymnaeidae 
L;ramaea sp. 
Family Physidae 
Physa sp. 
Class Amphibia 
Ambyatoma tigrinum 
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Da!;!hnia 
mag~ 
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Figure 1. Percent composition of organisms collected with a water core 
sampler in Bothwell Marsh, 1975. 
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population density increased from 0.7/liter on 29 April to the first peak 
of 54.3/liter on 16 May (Table 3). Thia was a 3-told increase per da1 in 
densit1 for ~ pulex. Peaks observed on 30 May and 19 June had respective 
densities of 48.2 and 58.1/liter. Daphnia pulex and all other zooplankton 
populations collapsed shortl1 after 27 June as the marsh water receded. 
Ceriodapbnia guadranpla vas the next most dominant zooplankter and 
made up a mean 21" ot all planktonic organisms. The population of£:. 
guadrangula pulsed on 5 June and 19 June vith respective densities of 
53.1/liter and 51.1/liter. The densit1 of.£:.. guaclrangula on 5 June made 
up 59% of all plankters sampled and occurred while .!h. pulex had declined 
to a lov 14.4/liter. 
Nauplii and copepodites of calanoid and cyclopoid copepods appeared 
after the ice melted and increased rapidly as water temperatures increased. 
These copepods made up from 4o-84% of all planktera collected during 3 May-
8 May. The copepod populations declined after 16 Ma7, vhen cladoceran 
(.!h. pulex and~ guadrangula) populations began pulsing. Copepods 
reappeared on 19 June when the cladoceran densities began to decline. 
Rotifers and ostracods were present throughout the season. Rotifer& 
were careying eggs from 3 May - 16 May, but not enough organisms were 
present to determine vital statistics. Oligochaeta, Insects, and Acari 
appeared sporadicall1 in the samples during the season, but no population 
trends could be determined. 
Table 3. The mean number of zooplankters per liter sampled at weekly intervals from 29 April -
27 June 1975, Bothwell Marsh, South Dakota. 
Taxa April May May May May May June June June June 
29 3 8 16 22 30 5 13 19 27 
Daphnia pulex 0.7 1.6 32.0 54.3 28.2 48.2 14.4 50.5 58.1 16.0 
Dapbnia magna 1.0 1.0 1.0 4.5 10.l 3.0 3.2 
Ceriodaphnia guadranpla 1.1 3.9 4.2 28.5 53.1 11.4 51.0 41.6 
Bosmina longirostris 0.2 1.1 
Simocephalus vetulus 0.2 0.9 3.5 2.2 1.3 3.9 1.1 1.3 3.6 18.7 
=alanoid copepods 0.2 o.6 1.0 2.5 13.6 27.2 
:yclopoid copepods 0.2 44.l 12.6 2.1 4.5 3.6 3.2 
:Opepoid nauplii 50.4 3.3 4.8 2.6 1.3 24.9 3.2 
>stracoda 0.5 1.2 1.9 1.0 3.3 2.5 5.9 28.8 
lotifera 5.9 33.1 2.9 5.2 2.0 6.6 1.3 5.9 16.o 
lligochaeta 0.2 o.6 1.2 
~endipedidae o.8 0.2 2.1 1.1 2.2 1.5 3.2 
:Orixidae 1.7 
cari 3.2 
.... 
btal 1.9 6o.l 120.6 84.6 47.7 84.7 89.7 82.6 172.3 164.3 -'=" 
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DaphDia pulex Population Dynamics 
The population of E.:. pulex rapidly increased during 29 April -
16 May (Figure 2). This population increase may have been due to rising 
water temperatures Co0 c to 13.5°C) after ice-melt, less egg incubation 
time, and increased phytoplankton as a food resource. The instantaneous 
birth rate (b} and the population change rate (r} increased during this 
time, while the mortality rate (d} declined to -0.528 indicating this 
same population increase (Table 4). Eggs and embryos per adult also 
reached their highest densities on 16 May, this giving rise to higher 
population densities of juveniles and adults in the succeeding weeks. 
The ~ pulex population declined after 16 May, as did the instan-
taneous birth rate (b), population change rate (r), and numbers of eggs 
and embryos per liter. The mortality rate (d) increased as expected 
for the declining population (Figure 3). Egg and embryo densities on 
22 May-30 May were low (1.05-0.98/liter) indicating no egg production, 
yet growth of juveniles and adults originating from the 16 May cohort 
continued. Hall (1964) found that brood sizes are dependent on the 
amount of food present. Wright (1965) correlated changes in instan-
taneous birth rate (b) with similar changes in chlorophyll A concentra-
tions, which is used as an index of food abundance. The decline of 
~ pulex densities in the present study appears to have been due to lack 
of food. Formation of ephippia was first observed during the period of 
low density. Though never reaching high densities, ephippia formation 
continued until 5 June when the E.:. pulex population began pulsing a 
second time. 
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Table 4. Population data for Dapbnia pulex from 29 April - 27 June 1975, Bothwell Marsh, South Dakota. 
Date Number Eggs per Egg Finite Instantaneous Population Mortality Eggs and Ephippia 
per liter liter duration in birth birth rate change rate embryos per 
(N) (E) days (D) rate(B) (b) rate (r) (d) per adult adult 
April 29 0.7 l.lto 8.10 0.247 0.221 
Hay 3 1.6 8.55 7.15 0.747 0.558 +0.207 +0.351 7.86 0 
May 8 32.0 13.24 5.60 0.074 0.071 +0.599 -0.528 12.00 0 
Hay 16 54.3 36.82 4.20 0.161 0.150 +0.066 +0.084 2.92 o.46 
Hay 22 28.2 1.05 3.45 0.011 0.011 -0.109 +0.120 0.08 0.33 
Hay 30 48.2 0.98 2.67 0.008 0.008 +o.o67 -0.059 0.05 0.20 
June 5 14.4 12.18 2.39 0.354 0.303 -0.201 +0.504 1.22 0 
June 13 50.5 49.22 2.12 o.46o 0.378 +0.157 +0.221 2.44 0 
June 19 58.1 7.12 2.02 0.061 0.059 +0.023 +0.036 1.20 0 
rune 27 16.o 3.2 1.95 0.103 0.098 -0.161 +0.259 2.00 0 
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Figure 3. Mortality rates (d) and eggs, embryos, and ephippia per 
Daphnia pulex adult in Bothwell Marsh, 1975. 
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The third pulse of B.:. pulex occurred from 13 June - 19 June. The 
instantaneous birth rate (b) and brood sizes increased, but the popula-
tion change rate (r) decreased to -0.201 on 5 June before showing a 
positive trend on 13 June (Figure 4). The mortality rate (d) corres-
ponded inversely with the changes in the population change rate Cr) 
during these two dates. Axolotls (immature forms) of the tiger salamander, 
Ambystoma tigrinum, from 25-35 mm in length were first observed in the 
marsh on 30 May. The decrease in 12.:. pulex densities on 5 June may have 
been due to predation by salamanders. The ~ pulex population decreased 
tor the final time after the peak on 19 June. The brood size per adult 
increased to compensate for increasing mortality, but the population 
continued to decline (Figure 3). This decline was probably due to the 
low water level which concentrated all plankters in the remaining pools 
and troughs after 19 June. Receding water levels may have decreased 
food, concentrated predators, increased water temperatures which reduced 
dissolved oxygen content, and concentrated metabolic wastes. No ephippia 
were observed during the final population decline. Ephippia that pro-
duce populations for the next wet season were formed mid-way during the 
season. 
The two observed peaks of highest ~ pulex densities with subsequent 
declines ranged from 54-59/liter. The approximate critical density for 
~ pulex in Bothwell Harsh was just over 50/liter in 1975. 
Benthos 
The mean seasonal (29 April - 27 June) standing crop of benthos in 
Bothwell Marsh was 35.5 X 107 organisms (252.1 kg dry ~eight). This is 
a mean 100 kg/ha which is much higher than many glacial lakes in the 
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Figure 4. Instantaneous birth rates (b) and population change rates (r) 
of Daphnia pulex in Bothwell Marsh, 1975. 
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north-central United States---e.g., 86 kg/ha in Lake Mendota, Wisconsin 
{Juday, 1921), 45 kg/ha in Lake Itasca, Minnesota (Cole and Underhill, 
1965), and 12.8 kg/ha in Lake Poinsett, South Dakota (Smith and Hales, 
1972). High standing crops in Bothwell Marsh may have been due to 
nutrients originating from the surrounding cultivated lands and carried 
by spring runoff and ground seepage. Most standing crops in permanent 
lakes are highest in late spring and lowest during the winter. Standing 
crop estimates for these lakes consider both maximam and minimum density 
levels in their annual means. Seasonal marshes, however, have water only 
during the highly productive late spring and early summer, and their mean 
standing crops would be measured only during this period. 
Standing crop estimates were diacmic, fluctuating in density and dry 
weight (Figure 5). Fluctuations were due mainly to relationships of body 
size, growth, addition of newly hatched organisms, and adult emergence. 
Standing crops were low just after ice-melt but reached their first peak 
about 22 May with densities over 16,000/m2 (over 21 glm2). The second 
peak on 13 June had densities over 38,000/m2 {14.9 g/m2). Low densities 
of organisms in the first peak indicated larger individuals (more bio-
mass), while the second peak indicates high densities of smaller 
individuals. 
Chironomid standing crops made up 93% (13,076/m2) of the population 
density and 96% (9.6 g/m2) by dry weight during the season (Figure 6). 
Simocephalus vetulus, a benthic cladoceran, was 6~ by density and 1% by 
dry weight. All other organisms had benthic standing crops of 1% or 
less by density and dry weight (Tables 5 and 6). 
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Table 5. The mean dry weight (mg/m2 ) of benthic organisms sampled at weekly intervals from 29 April -
27 June 1975, Bothwell Marsh, South Dakota. 
Tax a April May May May May May June June June June 
29 3 9 16 22 30 4 13 19 27 
Oligochaeta 101 8 62 
Hirudinea 
Glossiphoniidae 13 26 225 
Crustacea 
SimoceEhalus vetulus 24 454 5 Bo 315 47 
Ostracoda 34 130 65 
Acari 12 
Ephemeroptera 
Baetidae 42 
Odonata 
Coenagrionidea 123 
Libellulidae Bo 
Hemiptera 
183 Corixidae 
Pleidae 86 
Trichoptera 
Limnephil idae 163 
Coleoptera 
Haliplidae 4 7 7 4 11 
Dytiscidae 35 69 
Di pt era 
Chironomidae 716 7,600 6,268 9,143 20,692 12,4o9 5,ao2 14,396 8,786 9,970 
Gastropoda 
Lymnaeidae 1,123 
(Salamander) 
Ambystoma tigrinum 710 
Total 716 7,600 6,368 9,353 21,153 13,864 6,861 14,931 8,860 10,331 l\J 
~ 
Table 6. The mean number of benthic organisms per m 2 sampled at weekly intervals from 29 April - 27 June 
1975, Bothwell Marsh, South Dakota. 
Taxa April May May May May May June June June June 
29 3 9 16 22 30 4 13 19 27 
Oligochaeta 28o 22 172 22 
Hirudinea 
Helobdella stagnalis 22 43 43 
Crustacea 
SimoceEhalus vetulus 215 4,129 43 731 2,860 430 
Ostracoda 65 151 65 
Acari 
H;y:drodroma sp. 22 
Ephemeroptera 
Callibaetis sp. 22 43 
Odonata 
Enallafi!!!a sp. 22 22 
Hemiptera 
Plea striola 430 
Corixidae 43 
Trichoptera 
LimneEhilus sp. 22 
:::oleoptera 
Haliplus sp. 22 43 43 22 65 
Agabus sp. 22 43 
)iptera 
2,430 2,258 3,398 Chironomus sp. 1,979 5,075 3,441 516 452 151 86 
Glutotendi2es sp. 86 129 2,237 882 4,237 2,538 22,602 21,613 11,333 11,011 
CricotoEus sp. 22 
Pentaneurini 22 409 452 22 65 151 65 
Tan;t:eus sp. 1,097 989 817 989 645 28o 151 
Crutochironomus sp. 65 43 602 753 
Dicrotendiees sp. 1,570 65 2,237 839 1,441 rv 
Kief'ferulus sp. 1,850 2,602 43 9,936 \.11 
Table 6. The mean number of benthic organisms per m2 sampled at weekly intervals from 29 April - 27 June 
1975. Bothwell Marsh. South Dakota. (Continued) 
Tax a April Hay Hay Hay May May June June June June 
29 3 9 16 22 30 4 13 19 27 
Parachironomus sp. 538 710 430 258 65 
Eukiefferiella sp. 1,011 538 
Calo:esectra sp. 430 796 
Pupae and adults 215 65 452 23? 28o 43 22 
Gastropoda 
LJ!llllaea sp. 22 
(Salamander) 
Ambystoma tigrinum 65 
Total 2,516 2,108 7,635 8,624 16,022 10,28o 26,94? 38,108 14,?32 14,022 
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Chironomid larval densities were Glyptotendipes sp., 54%; Chironomus 
ap., 14%; Kiefferulus sp., 10%; Tanypus sp. and Dicrotendipes sp., 4% 
each; and the remaining larvae had 1% or less. Large Chironomus sp. 
(25 mm and over) were the first to appear after the ice melted and were 
predominant until 9 May {Figure ?). Pupation and adult emergence were 
observed on 9 May. Most emerging adults and egg depositions were observed 
just prior to sundown. Newly hatched larvae of Chironomus sp. were col-
lected in the last two weeks in June. These larvae may overwinter by 
burrowing into the substrate and reappearing in early spring as next 
year's population. 
No dominant chironomid larvae were discerned from 16 May - 30 May, 
but GlYptotendipes sp. became the dominant form in June and remained so 
until the marsh dried {Figure ?). Newly hatched GlYptotendipes sp. larvae 
2 under 5 mm reached densities over 21,000/m • These larvae decreased in 
densities and increased in dry weight as the season progressed, indi-
eating fairly constant growth and mortality. Many emerging adults and 
newly hatched larvae of other genera {under 5 mm) were observed during 
June, but no distinct growth trends in emerging and hatching could be 
discerned. Increases in body length, however, were detected for all 
species as the season progressed. 
Simocephalus vetulus, a benthic cladoceran, reached densities of 
over 4,000/m2 (26%) during the 22 May sample. The brood chambers in 
many of the adults contained eggs, embryos, and some ephippia. High 
densities of ~ vetulus occurred when no specific chironomid genus was 
dominant. Lymnaea sp. (Gastropoda) and!:. tigrinum {salamander) axolotls 
were the largest organisms; their densities were negligible, but made up 
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Figure 7. Mean standing crops of Chironomidae in Bothwell Marsh, 1975. 
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1% of the total dry weight standing crop. No growth trends could be 
determined for other organisms because of their comparatively low den-
sities and inconsistent appearances. 
Nekton and Macroscopic Aufwuchs 
The mean seasonal (9 May - 27 June) standing crops of nekton and 
macroscopic aufwuchs in Bothwell Harsh were 363,888 organisms (3.03 kg 
dry weight). Several species collected in the nekton were also observed 
in the benthos, but their standing crops were considered separately. 
Nekton and macroscopic aufwuchs standing crops by dry weight were 
over 9 g/m3 on 13 June, but were less than 2 g/m3 on 19 June (Figure 8). 
Standing crop densities (over l,OOO/m3) increased through 13 June -
19 June before declining on 27 June (over 40o/m3). These standing crop 
differences during 13-19 June were due to the large biomass and few 
individuals of !.:. tigrinum axolotls; axolotls were not collected on 
2? June. Axolotls made up only 1% of the total mean densities through 
1975, but over 36% (0.88 g/m3) by dry weight (Figure 9). They were col-
lected only between 30 May - 13 June and grew rapidly. The axolotls 
probably originated from eggs lain by adults early in the spring; the 
only adult noted was seen prior to 29 April. Stebbins (1954) reported 
that mass migrations of adult tiger salamanders to breeding areas occur 
after ice-melt. The adults either burrowed into the substrate or 
migrated to nearby permanent waters such as stockdams to overwinter. 
~iger salamanders can tolerate varying ranges .of freezing temperatures 
(Stebbins, 1954). 
Gastropoda was treated as aufwuchs in both marshes because of its 
sssociation with algae mats and floating vegetation. Leama trisulca 
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(star duckweed) and Cladophora sp. (filamentous green algae) became abun-
dant about the first week in June. Large floating mats of L. trisulca 
and Cladophora sp., and a filamentous blue-green algae were present near 
the season's end. Gastropods made up 19% by density and 43% by dry weight 
for the 1975 season (Figure 10). Pond snails (Lymnaea sp.) were collected 
from floating mats of L. trisulca and Cladophora sp. after 22 May. Pouch 
snails (Physa sp.) and orb snails (Gzralus sp.) were usually collected on 
floating vegetation or organic debris, but were seldom found on the mud 
substrate. Snail shells littered the substrate throughout both marshes. 
The abundance of snails can partially be explained by the presence of 
large amounts of calcium carbonate essential in shell production (Pennack, 
1953). All sizes of gastropods were encountered, and no dominant age 
class could be determined. The gastropod population, however, did seem 
to increase during the season. Density standing crops consisted mainly 
of Physa sp. and Gyralus sp. (138-191/m3), but Lynmaea sp. had the most 
biomass (dry weight) per individual (2.1 g/m3) on 13 June. 
Hirudinea, especially Helobdella stagnalis, averaged 43% of the total 
density, but only 8% by dry weight. The high average density was due to 
small, newly hatched leeches (837/m3) observed on 19 June (Figure 10). 
Pennack (1953) stated that glossiphoniid leeches copulate in the spring 
and carry their eggs and young ventrally to the end of May. Leeches may 
have overwintered in the marsh substrate in a dormant state or were trans-
ported in early spring from permanent water by migrating waterfowl 
(Pennack, 1953). 
Enallagma sp. (Odonata) nymphs were collected thrQughout the season 
(Tables 7 and 8). Their body size increased as the season progressed. 
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Table 7. The mean dry weight (mg,lm3) of nektonic organisms sampled at 
weekly intervals from 9 May - 27 June 1975, Bothwell Harsh, 
South Dakota. 
Taxa May May May May June June June June 
9 16 22 30 4 13 19 27 
Hirudinea 
Glossiphoniidae 125 220 47 94 764 334 
Acari 3 3 3 7 10 45 
Ephemeroptera 
Baetidae 5 29 88 82 8 
Odonata 
Coenagrionidae 23 8 8 34 137 69 
Lestidae 5 7 10 
Libellulidae 18 44 754 301 201 
Hemiptera 
Corixidae 31 25 94 
Trichoptera 
Limnephilidae 36 136 
Coleoptera 
Raliplidae 4 34 
Dytiscidae 48 3 58 156 35 
Hydrophilidae 19 63 
Gastropoda 
Planorbidae 10 398 
Lymnaeidae 443 500 1,772 554 2,145 
Physidae 1,623 565 
(Salamander) 
Ambystoma tigrinum 8o7 1,445 4,770 
Total 595 777 1,828 909 2,474 9,707 1,358 1,613 
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Table 8. The mean number of nektonic organisms per m3 sampled at weekly 
intervals from 9 May - 27 June 1975, Bothwell Marsh, South Dakota. 
Taxa May May May May June June June June 
9 16 22 30 4 13 19 27 
Hirudinea 
Helobdella stagnalis 24 29 5 18 837 64 
Glossiphoniidae s 6 
Acari 
Limnesia sp. 5 5 24 
TJrrellia sp. 5 
Hydrodroma sp. 12 6 
Piona ap. 12 48 
Arrenurus sp. 8 
Epbemeroptera 
Callibaetis sp. 5 30 90 84 8 
Odonata 
Enallaea sp. 14 5 5 6 24 12 
Lestes sp. 5 6 6 
Luecorrhinia sp. 10 12 30 12 8 
Hemiptera 
Corixidae 18 6 54 
Notonectidae 6 
Trichoptera 
Limnephilus sp. 5 12 
Coleoptera 
Haliplus sp. 5 42 
Agabus sp. 53 5 24 72 24 
Rhantus sp. 12 6 
Berosus sp. 5 16 
Gastropoda 
Gyralus sp. 5 191 
Physa sp. 138 48 
Lymnaea sp. 5 10 19 6 18 
(Salamander) 
Ambystoma tigrinum 10 6 12 
Total 48 62 81 48 203 395 1,059 415 
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The wing pads began extending in preparation tor emergence in mid-June. 
These dragonfly nymphs were the largest insects found in both marshes. 
Callibaetis sp. (Ephemeroptera) became abundant in mid-June and dis-
appeared by 2? June. Body and wing pad development in this mayfly was 
observed in mid-June, and many emerging adults were observed swarming in 
the evenings. Coleopterans (beetles) of the tamily 1>7tiscidae were col-
lected only in the larval torm. Berosus ap. (Hydrophilidae) and Haliplus 
sp. (Haliplidae), however, were collected in both adult and larval torms. 
Corixids (Hemiptera) were observed during the latter part ot the season; 
moat were in the adult stage. The time of spring emigration from lakes 
in the area to these marshes could not be determined tor corixida. Acari 
(water mites) were observed during most of the season. Acari abundance, 
especially Piona sp., seemed to increase as the season progressed. The 
life histories for Acari could not be determined for Bothwell or Lund 
Marshes. 
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LUND MARSH 
Physical-Chemical 
Lund Marsh was chemically similar to Bothwell Marsh. Water hardness 
was noncarbonate with 510-650 mg/liter of Ca++ and 790-970 mg/liter of 
++ 
Mg (Table 9). Sulfates (over 300 mg/liter) were the dominant noncar-
bonate anions. The pH increased from 8.5 to 9.3 during the 1975 season; 
this may have resulted from photosynthesis caused by aquatic vegetation. 
Dissolved oxygen on 6 June was 4 mg/liter in an early morning sample, and 
on 12 June a late afternoon sample had 12 mg/liter. Orthophosphate ranged 
from 0.1-0.75 mg/liter. Sawyer (1966) considered amounts of 0.015 inor-
ganic phosphate as sufficient to cause nuisance algal blooms, and a bloom 
was prominent in Lund Marsh. Hydrogen sulfide was not detected while ice 
partially covered the marsh. Wind action probably allowed hydrogen sul-
fide to diffuse into the stromsphere. Turbidity was low (1-5 JTU) through-
out the season. The water was turbid only during high winds prior to 
6 June, when aquatic vegetation maintained lower turbidity levels. Silica 
(6-6.S mg/liter) was present in the marsh, but did not increase season-
ally as it did in Bothwell Marsh. 
Zooplankton Cycles 
The major zooplankter occurring in Lund Marsh during 1975 was the 
calanoid copepod, Diaptomus leptopus (Figure 11). It averaged 66.6/liter 
(58%) during the season and ranged as high as 153/liter (96%) on 31 May 
(Table 10). Daphnia pulex was diacmic with peaks occurring on 13 May 
at 94.7/liter (36%) and on 26 June at 32/liter (43%). Ceriodaphnia 
quadrangula was observed only during the middle of May and was not 
abundant. 
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Table 9. Chemical and physical characteristics in Lund Marsh, 1975. 
May May June June June June 
27 31 6 12 19 26 
pH 8.5 8.o 8.9 9.3 9.3 9.3 
Dissolved oxygen (mg/l) 8.o 6.o 4.o 12.0 9.5 8.2 
Carbon dioxide (mg/l) 0 4 10 0 0 0 
•Mean temperature (°C) 17.2 18.4 20.1 21.8 23.9 25.9 
co3= alkalinity as 20 0 0 40 30 50 
eaco
3 
(mg/l) 
Hco
3
- alkalinity as 110 210 170 120 115 100 
Caco
3 
(mg/l) 
++ Ca hardness as 630 650 600 520 510 
CaC0
3 
(mg/l) 
++ 790 850 880 81f0 970 Mg hardness as 
eaco
3 
(mg/l) 
Noncarbonate hardness 1290 1330 1320 1215 1330 
(mg/1) 
Orthophosphate (mg/l) O.l 0.35 0.75 0.15 O.l 
Sulfate (mg/l) 300 300 300 300 
Chloride (mg/l) 15 T 50 
Silica 6.5 6.2 6.o 6.4 
Turbidity (JTU) 5 1 l 1 1 
•Adjusted through linear regression. 
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Figure 11. Percent composition of organisms collected with a water 
core sampler in Lund Marsh, 1975. 
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Table 10. The mean number of zooplankters per liter sampled at weekly intervals from 15 April -
26 June 1975, Lund Harsh, South Dakota. 
Taxa April May May May June June June June 
15 13 23 31 6 13 19 26 
Daphnia pulex 94.7 6.4 16.o 9.6 32.0 
Ceriodapbnia quadrangula 1.8 3.2 
Diaptomus leptopus 36.8 115.2 153.6 60.8 38.4 121.6 9.6 
Cyclopoid copepods 0.3 42.l 6.4 6.4 6.4 3.2 
Harpactoid copepods 7.0 
Copepoid nauplii 0.5 Bo.7 6.4 
Ostracoda 1.8 9.6 19.2 
Acari 9.6 
Rotifera 3.2 3.2 
rendipedidae 3.2 
:lemiptera 6.4 
'.:orixidae 3.2 
rotal o.8 264.9 140.8 160.0 Bo.o 51.2 144.o 73.6 
~ 
...... 
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The relationship between cladocerans and calanoid copepods in Lund 
Harsh was opposite of what occurred in Bothwell Marsh. Daphnia pulex 
had higher densities when Jh leptopus was in the nauplii stage or when 
~ leptopus adult densities were low (13 May and 26 June). But .!1:_ pulex 
densities were low when ~ leptopus copepodite and adult densities were 
high (Figure 11). The survival of either immature .Q.:. pulex or .!1:_ leptopus 
nauplii determined which species would dominate in the succeeding weeks. 
Mortality and low densities or E.:, pulex during this interval may have been 
due to selective salamander predation. Axolotls of !!_ tigrinum were 
observed in Lund Marsh on 23 May. An abundance of calanoid overwintering 
eggs might also have given rise to such high numbers or ]h leptopus 
nauplii and copepodites that ~ pulex was unable to compete for the avail-
able food resource. 
Cyclopoid copepods were abundant just after the ice melted, but den-
sities decreased as .!k. leptopus became dominant. Acari, Ostracoda, 
Harpacticoida, Rotifera, and Insecta were collected sporadically in the 
samples, but no trends were apparent. 
Population I?ynamics of Diaptonrus leptopus 
Lund Marsh supported only one cohort of Jh leptopus during the 1975 
season (Figure 12). A few nauplii (0.5/liter) were observed while ice 
was still breaking up in the marsh (15 April). One month later the 
nauplii peaked at densities of 80.7/liter, while copepodite densities 
were 39/liter. Most nauplii originated from "resting" eggs with special 
thick walls to withstand drought and winter (Pennack, 1953). Eggs 
hatched and began developing into the copepodite stage before 13 May. 
Copepodites reached peak densities ( 105/liter) about 2; MAv. A 11 naunl H 
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Figure 12. Diaptomus leptopus standing crops in Lund Harsh, 1975. 
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had passed into the copepodite state before this time, and the first 
appearance of adults was noted. Adults became more abundant as the 
copepodites matured and declined. Adult densities were higher than 
either nauplii and copepodites by 19 June, and one week later adults 
were the only form present. 
A decrease in total densities occurred from 31 Hay - 13 June (Table 
11). No nauplii occurred in samples collected 13 June, nor was there an 
increase in copepodites to indicate the start of a second cohort. Yet 
densities by 19 June increased from 38/liter to 12l/liter. This sudden 
increase may have been due to the organisms inhabiting the bottom sub-
strate, or a concentration of organisms along the shoreline by wave 
action prior to 19 June. 
The population change rate (r) of 12:, leptopus generally declined 
during the study period. Constant recruitment was not observed during 
the 1975 season for this single generation population (Figure 13). The 
density change rate (c) reflected the mortality rate, but it fluctuated 
more due to the actual density values used. Mortality rate could not be 
measured prior to 23 May because N equaled zero resulting in a negative 
0 
infinity value. Mortality increased as the marsh dried and approached 
+l.O by the end of June. 
Diaptomus leptopus eggs were first noted on 31 May when adults com-
prised 46% and copepodites 54% of the population (Figure 14). A small 
number of females was carrying most of th~ egg clusters on 6 June. Peak 
egg densities (320/liter) occurred on 19 June, when most mature females 
had egg clusters. Egg densities had declined by 26 June. Egg formation 
occurred only after the appearance of mature females. Densities of mature 
Table 11. Population data for Diaptomus leptopus from 15 April -
29 June 1975, Lund Marsh, South Dakota. 
Number Eggs and Eggs per Population• Density 
Date per liter embryos per mature change change 
(N) liter (E) female rate (r) rate (c) 
April 15 
Hay 13 117.5 
Hay ?.3 115.5 -0.002 +0.01? 
May 31 153.6 57.6 1.56 +0.033 -0.330 
June 6 60.B 115.2 9.00 -0.151 +0.6o4 
June 13 38.4 25.6 3.50 -0.066 +0.368 
June 19 121.6 320.0 8.30 +0.192 -2.167 
June 29 9.6 57.6 6.00 -0.363 +0.921 
•Mortality rate (d) equals -r. 
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Diaptomus leptopus at Lund Marsh, 1975. 
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females and their eggs increased as water temperatures increased and water 
levels decreased. The peak egg density occurred about two weeks before 
the marsh dried and provided eggs tor the population in the next wet 
season. Calanoid copepod eggs go through a resting stage which occurs 
during a dry season (Pennack, 1953). 
Benthos 
The mean standing crop of·benthos in Lund Marsh from 23 May - 26 June 
was 239.7 X 106 organisms (100.6 kg dry weight). Lund Marsh was somewhat 
less productive in benthic standing crop (72.9 kg/ha) than Bothwell Marsh 
(Figure 15), but was comparable to Lake Mendota, Wisconsin. Lund Marsh 
was much higher than either Lake Poinsett, South Dakota or Lake Itasca, 
Minnesota. High benthic production was indicative· of a nutrient-enriched 
eutrophic marsh. 
Chironomid larvae comprised 93% total density and 76% total dry 
weight of benthic organisms in Lund Marsh (Figure 16). Standing crop 
estimates of benthic invertebrate densities could have been based on 
chironomid larvae; they comprised oYer 90% of the total in both marshes. 
Chironomus sp. was present when the ice melted in the marsh. They 
apparently had overwintered in the marsh to become next year's generation. 
Their large size resulted in high dry weight standing crops (over 14 g/m2) 
on 31 May (Figure 17). Chironomus sp. were observed emerging and swarming 
from 31 May-6 June, with corresponding decreased standing crops in den-
sity and dry weight. Newly hatched larvae of GlyPtotendipes sp. occurred 
during this same period (6 June). The calculated high densities and low 
dry weights were due to the small body size of these larvae. Standing 
crops of Chironomidae decreased gradually from 12 June - 19 June. 
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Figure 15. Mean seasonal standing crops of macroscopic benthos in 
Lund Marsh, 1975. 
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Crzptochironomus sp. and Dicrotendipes sp. larvae were in the advanced 
instar stages and began to pupate about 26 June. These advanced larval 
instars indicated increased densities and dry weights. Adult emergence 
and the newly hatched larval patterns were the same for Chironomua sp. 
and Glyptotendipes sp. in both marshes. 
Total benthic dry weight standing crops had increased (6.9 g/m2) by 
13 June due to the appearance, increased size, and densities of Gzralua sp. 
(Gastropoda), Helobdella stasnalis (Hirudinea), and both A.sabus sp. and 
Haliplus ap. (Coleoptera)(Tables 12 and 13). Simocephalus vetulus 
(benthic cladoceran) had a seasonal mean density of 28?/m2 with a peak 
density of l,183/m2 on ? June, but its mean seasonal dry weight was only 
32 mg/m2 indicative of its small size (l-3 mm in length). Polycentropis sp. 
(Trichoptera) was collected only in the early part of the season. These 
larvae probably overwintered in permanent water and emerged in early 
spring (Pennack, 1953). Callibaetis ap. nymphs (Ephemeroptera) appeared 
in the latter part of the season and were very small. Burks (1953) stated 
that Callibaetis sp. adults had peak emergence from temporary ponds in May 
and that total instar development lasted only 5-6 weeks. Swarming adults 
observed in mid-season deposited eggs which gave rise to the nymphs col-
lected in the last part of the season. 
Coleopterans collected in the benthos were all larvae, and these 
appeared occasionally throughout the season. The larvae of both Haliplidae 
and Dytiscidae showed increases in body size as the season progressed. 
Adult coleopterans usually overwinter by burrowing into the substrate 
(Pennack, 1953). The larvae probably hatched from eggs deposited in 
early spring by migrating adults. 
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Table 12. The mean number of benthic organisms per m2 sampled at weekly 
intervals f'rom 23 Hay - 26 June 1975, Lund Marsh, South Dakota. 
Tax a May May June June June June 
23 31 7 13 19 26 
Oligochaeta 65 108 624 
Hirudinea 
Helobdella stagnalis 22 65 237 194 452 
Helobdella sp. 22 22 
Crustacea 
Simocephalus vetulus 108 1,183 237 22 172 
Ostracoda 538 22 
Acari 
Piona sp. 129 43 65 
Emphemeroptera 
Callibaetis sp. 22 22 
Odonata 
Enallaea sp. 22 22 43 22 
Hemiptera 
Plea striola 22 
Trichoptera 
Pol;tcentropis sp. 43 22 
Coleoptera 
Berosus sp. 22 43 
Hali,elus sp. 22 22 129 151 108 
Agabus sp. 22 129 151 
H;y:dro:22rus sp. 22 
Diptera 
Chironomus sp. 151 13,634 1,527 366 473 2,172 
Gl;y:ptotendi,ees sp. 151 108 26,710 10,043 5,075 2,903 
Tanzyus sp. 129 28o 43 43 237 
Pentaneurini 43 86 237 43 452 
Rheotanitarsus sp. 172 237 1,871 3,032 817 989 
Dicrotendipee sp. 10,172 151 3,118 1,355 1,893 
CrY]tochironomus sp. 86 2,538 344 774 1,140 
Parachironomus sp. 624 516 387 65 
Eukieff'eriella sp. 581 538 172 
Pupae 108 86 43 
Diptera cases 43 22 
Gastropoda 
86 43 Physa sp. 22 
Gr;I:ralus sp. 925 65 215 412 258 43 
Total 1,764 25,183 36,603 20,240 9,764 10,667 
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Table 13. The mean dry weight (mglm
2) of benthic organisms sampled at 
weekly intervals from 23 May - 26 June 1975. Lund Marsh, 
Sou th Dakota • 
Tax a May May June June June June 
23 31 6 13 19 26 
Oligochaeta 23 39 225 
Hirudinea 
Gloasiphoniidae 113 550 556 1,014 4?5 
Crustacea 
Simocephalus vetulus 12 130 26 2 19 
Ostracoda 28o 11 
Acari 72 24 36 
Ephemeroptera 
Baetidae 21 
Odonata 
Coenagrionidae 123 123 24? 123 
Hemiptera 
Pleidae 4 
Trichoptera 
Psychomyiidae 327 163 21 
Coleoptera 
Haliplidae 18 4 18 26 88 
Dytiscidae 35 313 35 
Hydrophilidae 231 98 26 
Di pt era 1,000 15,067 5,003 4,243 3,191 4,786 
Gastropoda 
508 508 Physidae 254 
Planorbidae 1,923 134 161 671 537 70 
Total 3,532 15,?88 6,470 6,948 5,504 5,483 
Enallagma sp. nymphs (Odonata) indicated wing pad development in 
late June. Several cast skins indicating emergence were picked up in 
late June. Many adults were observed copulating and depositing eggs 
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at the water surface in the marsh during June. Enallagma sp. adults 
might have deposited eggs for the next generation. Enallagma sp. may 
have several generations per year (Pennack, 1953). Hemiptera and Acari 
were present in the marsh, but no seasonal trends could be determined. 
Nekton and Macroscopic Aufwuchs 
The mean standing crops of nekton and aufwuchs in Lund Marsh during 
1975 (23 May - 26 June) was 459,816 organisms (666.4/m3) at 3.6 kg 
{5.2 glm3) dry weight (Figure 18). Several nektonic and aufwuchs species 
were collected in the benthos samples, but they were treated separately. 
The mean weekly densities in Lund Marsh declined gradually from 
23 May - 19 June, then increased on 26 June. This density increase was 
attributed to the appearance of many small Gyralus sp. (Gastropoda) and 
Berosus sp. (Coleoptera) (Figure 19). The body sizes of Berosus sp. and 
Gyralus sp. were small as indicated by their low, dry weight standing 
crops. Total dry weight standing crops increased gradually from early 
season until 6 June and then increased sharply. Increased dry weights 
on 13 June might have been due to the appearance of ~ tigrinum axolotls, 
which had growth rates of up to 10 mm in length per week. Salamander 
eggs hatched during the last week in May at a mean water temperature of 
1B.4°c. Axolotls made up only 3% of the density standing crop for the 
season, but contributed 70% of the dry weight standing crop (Figure 20). 
Axolotls probably played a predator's role in the total dynamics of the 
marsh because many invertebrates in Lund Marsh could servP ~~ ~nnrl 
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marsh after 19 June, indicating overland migration to more permanent 
water. 
Newborn!!:. stasnalis were first observed on 31 Kay (Tables 13 and 14). 
These newly hatched leeches had standing crops of high density (498/m3) 
and low dry weight (o.4 g/m3). High densities and low dry weights of 
Gastropoda also occurred for newborn Gyralus sp. and Lymnaea sp. on 
27 June (Tables 14 and 15). Lymnaea sp. made up the bulk of the gastropod 
standing crop dry weight (1.6 glm3) on 17 June, because they were larger 
in body size (biomass) than the other gastropods. Gastropod concentra-
tions were more abundant on floating mats or algae and aquatic vegetation. 
Cladophora sp. was more abundant than either Lemna trisulca or a filamen-
tous blue-green algae, especially after mid-season. The distribution and 
association of gastropods with floating mats of vegetation might explain 
the sporadic occurrences of snails in both marshes. Lymnaea sp. and Physa 
sp. are usually found in marsh habitat (Pennack, 1953). 
Corixids (Hemiptera) were collected during the entire sampling period. 
Nymphs were collected the last week of June, and the adults in May. Evi-
dently there is some seasonal egg deposition and larval hatching in these 
marshes by migrating adults in the spring. Enallagma sp. (Odonata) and 
Callibaetis sp. (Ephemeroptera) bad body growth and wing pad development 
during the study period. 
Both adult and immature stages of Haliplidae and Hydrophilidae 
(coleopterans) were collected. The adults of these two families are apt 
swimmers and were not collected in the benthic samples. The dytiscides, 
Bidessus sp. and Laccodytess sp., were collected in the adult stage, but 
only the larval stage was found for Rhantus sp. and Agabus sp. Adult 
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dytiscids apparently came to these marshes in early spring to deposit 
eggs. Agabus sp., Beroaus sp., and Haliplus sp. had the highest nektou 
standing crop densities of Coleoptera (Table 13). 
Four genera of Acari were observed with a 6% mean density for the 
season and negligible dry weight. Host Acari were collected in Hay, 
though no general population trends could be determined. 
61 
Table 14. The mean number of nektonic organisms per m3 sampled at weekly 
intervals from 23 May - 26 June 1975, Lund Marsh, South Dakota. 
Tax a May May June June June June 
23 31 6 13 19 26 
Hirudinea 
Helobdella stagnalis 10 498 102 12 24 Bo 
Acari 
Limnesia sp. 29 
Piona sp. 96 10 6 
'l'yrrellia sp. 10 6 
Arrenurus sp. 57 16 
Ephemeroptera 
24 36 Bo Callibaetis sp. 72 
Caenis sp. 6 
Odonata 
Enallapa sp. 57 10 54 84 60 
Hemiptera 
6 Plea striola 12 
corrxidae 19 10 12 24 24 16 
Coleoptera 
16 Peltociytes sp. 
Haliplus sp. 10 6 24 36 64 
Aebus sp. 10 77 90 24 
Rhantus BP• 10 10 36 24 
Berosus sp. 19 12 12 48 191 
Bidessus ap. 6 
Laccodytes ap. 6 
Gastropoda 
60 24 973 Gyralus sp. 302 150 
Limnaea sp. 12 
Physa ep. 6 24 32 
(Salamander) 
Ambystoma tiFinum 57 10 12 24 24 
Total 660 651 538 395 287 1,467 
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Table 15. The mean dry weight (mglm3) of nektonic organisms sampled at 
weekly intervals from 23 Hay - 26 June 1975, Lund Marsh, 
South Dakota. 
Tax a May May June June June June 
23 31 6 13 19 26 
Hirudinea 
Glossiphoniidae 50 392 201 ? 15 123 
Acari 107 5 7 9 
Ephemeroptera 
Baetidae 23 70 35 78 
Caenidae 6 
Odonata 
Coenagrionidae 94 16 308 480 343 
Hemiptera 
Pleidae 1 2 
Coleoptera 
8 6 Haliplidae 5 12 20 
Dytiscidae 31 128 305 77 
Hydrophilidae 76 70 47 67 115 
Gastropoda 
Planorbidae 637 311 124 50 2,024 
Lymnaeidae 1,591 
Physidae 71 283 376 
(Salamander) 
Ambistoma tigrinum 4o2 1,307 630 7.033 12,427 
Total l,4o2 1,974 1,943 8,237 14,636 2,753 
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CONCLUSION 
The water in Bothwell and Lund Marshes was noncarbonate hard and 
high in sulfates. Dissolved oxygen concentrations were fairly constant 
(8-11 mg/liter) in April-Hay, but fluctuated from 4-12 mg/liter in June. 
The marshes received nutrients from the surrounding terrain and were 
highly eutrophic. Water temperatures fluctuated constantly but gradually 
increased as the season progressed. Seasonal winds mixed the water con-
stantly, but turbidity was low except during high winds. The substrates 
were composed of black, colloidal silt and decaying organic matter. 
Water appeared in the marshes in mid-April 1975 and disappeared by 
1 July 1975. 
The floating vegetation in Bothwell and Lund Marshes was Lemna 
trisulca, Cladophora sp., and a blue-green algae. These plants became 
dominant the first week in June. Semi-aquatic vegetation invaded the 
substrate of Lund Marsh as the water receded, but this did not occur 
in Bothwell Marsh. 
The zooplankton cycles were different between marshes except for 
an initial appearance of nauplii soon after ice-melt. Bothwell Marsh 
contained 4?.?-172.3 zooplankters/liter during May-June 1975. Daphnia 
pulex (cladoceran) made up 33% of the zooplankton during the season. 
Lund Marsh contained 51.2-264.9 zooplankters/liter during May-June 1975. 
Diaptomus leptopus (calanoid copepod) made up 58% of the zooplankton 
during the season. Densities of calanoid copepods and cladocerans were 
opposite; when one was high, the other was low. This opposite associa-
tion reflects a possible competition for the food resource. 
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The benthic structure in both marshes was composed of chironomid 
larvae, which made up over 90% of the density and dry weight standing 
crops. Benthic biomass averaged 73-100 kg/ha during the season and was 
higher than most lakes in the northern plains states. Chironomus sp. 
larvae were dominant during May, but GlYptotendipes sp. larvae were 
dominant in June. Standing crop estimates of the benthos in seasonal 
marshes could be based on chironomid larvae. 
Nekton and aufwuchs were composed of gastropods, coleopterans, 
odonates, ephemeropterans, and a benthic cladoceran. Dry weight standing 
crops of nekton and aufwuchs were made up mainly of salamander axolotls 
(36-70%). Axolotls were probably the main predators on the invertebrate 
community. 
Two managed spawning marshes in Wisconsin successfully produced over 
31,000 northern pike fingerlings in 1972 (Fagot, 1972 unpublished). 
Bothwell and Lund Marshes in South Dakota differed from the Wisconsin 
marshes by having 10-20 times the number of sulfate, Ca++, and Mg++ ions. 
Wisconsin spawning marshes usually exhibit substantial amounts of sub-
mergent vegetation, but Bothwell and Lund Marshes were dominated by 
floating vegetation. These chemical and vegetative differences might 
prove to be detrimental in rearing northern pike fry to fingerlings in 
prairie marshes. 
Standing crops of zooplankton, benthos, nekton, and aufwuchs in 
. Bothwell and Lund Marshes was substantially higher than the same standing 
crops in the Wisconsin marshes. (Northern pike fry, however, should not 
be stocked just after ice-melt because of a lack of forage, or in late 
season after the appearance of predators.) 
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The biota in Bothwell and Lund Marshes indicated a high reproductive 
potential, which is a distinguishing characteristic of seasonal marshes 
(Welsh, 1952). High biomass of invertebrates in Bothwell and Lund Marshes 
was more than sufficient to provide a fish forage base for northern pike 
fry. 
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